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never recovered their mental balance, and left the hospital
insane. Morphia is the best remedy for the mania of the
acute stage.

The Method of Making the -7noision and the Dressing.
The skin was cocainised by intradermic injections of i per

cent. cocaine and adrenalin ; it was then freely incised, and
the swollen gland or glands laid well open by two incisions
crossing each other at right angles. The gland and sub-
cutaneous tissues were not disturbed except for the clean-cut
incisions. The wounds were dressed with absorbent wool,
wrung out of iodine lotion (5 1 ad 5 ii. water). The wool
was then covered with oil paper and a layer of perchloride
wool and bandaged. The wounds were dressed once or twice
a day, depending upon the exudation.

The experience obtained from these cases shows that

<early incision into a plague gland produces an immediate
improvement in the patient’s condition. The temperature is
lowered and the severe headache alleviated, and if the patient
is seen during the first 24 hours the probability of his recovery
is very great.
The theoretical reasons for immediate incision of the glands

are as follows :-1. Toxins and bacilli are set free and exude
into the dressings in place of the blood stream or lymphatics.
2. The incision relieves the intracapsular pressure (which is
very great), re-establishes the glandular circulation, and thus
the germicidal substances of the plasma are brought into the
stronghold of the bacilli. 3. The incision produces a copious
<low of serum containing alexin and plague antibodies. As is
well known, alexin (complement) is a powerful germicide for
cholera, typhoid fever, and plague bacilli that have been pre-
pared by their specific antibodies. Bordet and Gengou demon-
strated these antibodies in 1901, and their antimicrobic
nature was demonstrated by Yersin. 4. Bordet, Gengou,
and Levaditi clearly demonstrated that there was no alexin in
circulating plasma; I was able to demonstrate this point also by
mixing blood with 9 volumes of 1-5 per cent. salt and centri-
fuging immediately. The supernatant plasma contained no
alexin, and did not clot on diluting with an equal part of
water ; hence the great value of serum over circulating
plasma. 5. Never once were bacteria found inside leucocytes
in smears taken from the glands. But leucocytes will readily
take up B. pestis in the presence of serum from a plague
patient. One must conclude from this that there are no

cpsonins (alexin ?) in the intact gland, though these are

present in the serum exudate of the divided gland. Hence
- division of the gland not only liberates toxins and bacteria,
but also produces a flow of serum, lymph, and leucocytes
containing immune bodies, alexin, and opsonins ; so that
the bacilli are not only destroyed directly, but are also

engulfed by phagocytes.
The theoretical objection to incision is that the gland

forms a barrier between the bacilli and the general circula-
tion, any disturbance to this barrier being therefore fraught
with great danger. As shown above, the plague bacilli
reach the gland from the blood, and not viae t’ersrl. It is

probable that many reading this article will not be convinced
of the very great benefit derived by immediate incision, but
mo one should be afraid of the experiment, for whatever
- other measure is undertaken eight to nine patients will die
oat of ten, while by employing incision only one or two will
die out of ten.

In the Government of India’s treatise on Plague, 1896-97,
vol. ii., p. 28, Mr. James Cantlie states the following, which
I wish to refute :-

The result of experience gained by local, radical, or tentative treat-
a:ment of the glands does not lead one to expect much benefit from
them. That abscesses should be opened when they point, or when
fluctuation is perceptible, is of course natural; but that local remedial
steps should be undertaken for the purpose of affecting the course of
!the disease by acting on the gland is, from what we know of the
)pathology of the disease, scarcely rational. Injection of a swollen
gland when it is accessible, as in the groin, with such substances ae
.carbolic, perchloride of mercury, or a solution of the perchloride ol
mercury and iodide of potassium, has perhaps a theoretical basis oj

,ustification, but practically little good can be ascribed to it. ThE
iatter-mentioned solution may have a higher claim, as in several cases
dn which it has been administered, the temperature falls and thE
patient seems easier. It may be, however, that the mere p1’icking OJ
the tense cop3itle of the gland even by needle punctures may serve/:e tense copsule o/ the gland even by needle punctures may serve
to relieve tension and thereby pain. This leads one to the belie
chart subcutaneous incision of the gland may be attended witt
beneficial results, and it is a method of surgical procedure n01
without precedent. Early free ’incision of the gland is not t(
.*)e recommended, nor can excision in any way be justified. Th(
disease is a p lyadenitis of so extensive a nature, that eradicatior
of infected glands is an impossibility. A gland, when swollen, red, an(
painful, may be smeared with glycerine and belladonna, or poulticec

to relieve pain, and when fluctuation is perceptible it should be opened,
but further procedure is useless.

Mr. Cantlie suggests that pricking or subcutaneous incision
does good, but he prohibits a free incision. It would be

interesting to know what experimental proof he had for the
latter statement.

ldentifioation qf Plague in a Corpse.
Take a darning-needle, and drive the point into a pen-

holder. Make a small cut in the skin over the spleen, and
drive the darning-needle (eye forwards) into the spleen. On
removing it, the eye will be found to be filled with spleen
pulp. Smear this on a slide and stain with 1 per cent.
watery methylene blue. Typical plague bacilli will always
be found in a case of plague.

Protection against Infection.
None of the attendants or myself contracted plague, in

spite of very intimate contact. The following precautions
were taken : 1. Before examination the patient was brought
out of his house into the open. In the plague hospital grass
huts holding two patients only, and open at two ends, were
employed. 2. Camphor was carried in the pocket, and the
native attendants in addition were made to smear eucalyptus
oil 1 part, sweet oil 60 parts on their calves, and all over
their bodies once a day. No one was inoculated because in
1906-07 the vaccine was under preparation.
Mussoorie, United Provinces, India.

ACETONURIA IN CHILDHOOD:
A STUDY OF ITS PREVALENCY IN THE MEDICAL

WARDS OF A CHILDREN’S HOSPITAL; WITH
AN INQUIRY INTO ITS CAUSE.

BY ROBERT S. FREW, M.D. EDIN., M.R.C.P.,
MEDICAL REGISTRAR, THE HOSPITAL FOR SICK CHILDREN, GREAT

ORMOND-STREET, LONDON.

THE acetone bodies, consisting of B. oxybutyric acid,
aceto-acetic acid, and acetone, have long been recognised as
occasional constituents of the urine in children, and their
occurrence has been associated with more or less well-defined
clinical groups. These groups may be classified as follows :
1. In diseases in which gastro-intestinal symptoms (diarrhcea,
vomiting, or constipation) are prominent-e. g., in pneumonia,
tuberculous meningitis, infantile diarrhoea, &c. 2. In cases
of so-called " cyclical vomiting " where recurrent attacks of
vomiting occur, associated with diarrhoea or constipation,
and the presence of acetonuria. 3. In conditions in which
fever is present. 4. Lastly, there is the toxic group,
including diabetic coma, post-an&aelig;sthetic poisoning, and
salicylic acid poisoning.
The discovery of acetone in the nrine of children suffering

from diseases not included in such a classification led me to
make a more extended investigation into this subject, and
the results are herewith set forth.

For the past year or so the urine of all children admitted
to the medical wards of the Hospital for Sick Ohildren,
Great Ormond-street, where specimens were obtainable, has
been tested for acetone. The cases were in no way selected,
and so comprise instances of most of the diseases met with
in children varying in age from a few days to 12 years old.
In all, the urine of 662 children was so examined.

Method Employed.
At first only the specimen passed within 12 hours of

admission was examined; in the latter cases, in addition,
specimens passed about 36 and 60 hours after admission were
also tested. Rothera’s test for acetone, slightly modified by
Dr. A. E. Garrod, was used in every case.

Rothera’s test.-5 c.c. of urine are saturated with ammonium
sulphate crystals, 2 c. c. of ammonia are added, and then a few
drops of a freshly prepared 5 per cent. solution of sodium nitro-
prusside. Acetone gives a slowly developing permanganate
colour. Dr. Garrod’s modification consisted in adding to the
urine an equal quantity of a saturated solution of ammonium
sulphate in place of saturating the urine with (NH4)2 SO
crystals, thus enabling the test to be performed more
quickly, without affecting its accuracy, as proved by numerous
controls.

In the urine of children who have had rhubarb or senna a

pink colour develops on the addition of the ammonia, due to
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the presence of chrysophanic acid, but this is readily dis-
tinguished. The rapidity of the development of the per-
manganate colour gives a rough estimate of the quantity of
acetone present.

In specimens obtained just after admission acetone was
rarely found; those passed 12 hours after admission

frequently gave a positive reaction. The maximum was
found in the 36-hour specimens, and after that a gradual
diminution occurred, all trace being gone by the fourth day
usually. In cases in which the acetone was never very
marked, it was in the specimen passed 36 hours after
admission that it was most marked, sometimes being found
in this specimen only. In those cases in which the acetone
reaction was markedly positive the presence of aceto-acetic
acid was also found by the use of the ferric chloride test.
Using the above method, the urine of 662 cases was

examined, and in 408 of those, that is in 61.6 per cent.,
acetone was found. One is therefore justified in saying that
acetonuria is of common occurrence in hospital children.
When an attempt was made to allot those cases to the

groups mentioned at the beginning of this paper the result
was unsatisfactory. There were two cases of diabetic coma,
none of post-anesthetic poisoning, none of " cyclic vomiting," 
150, or 22 5 per cent., associated with definite gastro-
intestinal symptoms, leaving 38, 5 per cent. unaccounted for
under such headings.
How, then, is the fact to be accounted for that 61 6 6 per

cent. of all the children admitted to hospital develop
acetonuria ? In the first place the appearance of acetone in
the urine is caused by abnormal fat katabolism depending on
"carbohydrate starvation. " This" carbohydrate starvation 

"

may result from (1) deficiency or absence of carbohydrates in
the diet, (2) a diminished power of absorption or assimilation
of the carbohydrates, or (3) inability to digest the carbo-

hydrates. It is therefore necessary to determine under
which subdivision the "carbohydrate starvation occurring
in children on admission to hospital should be placed.

1. Deficiency or Absence of Carbohydrates in the Diet.
This is a well-known cause of acetonuria, examples of

which are seen in the following two cases :-
CASE 1.-A male, aged 5 1/2 years, a case of recovered empyema. The

patient, who had been eight weeks in hospital and whose urine con-
tained no acetone, was put on diabetic diet for 24 hours. Nine hours
later a faint trace of acetone was present, which became very marked
after 17 hours, and extremely marked with a trace of aceto-acetic acid
after 23 hours.
CASE 2.-A female, aged 5 years, who had recovered from chorea after

having been 11 weeks in hospital and whose urine contained no acetone,
was put on diabetic diet for 24 hours. After 17 hours acetone was
present, and it became very marked with a trace of aceto-acetic acid
after 30 hours.

Examples are also seen in cases of general starvation, and
a certain number of those are found in my series ; but here
the acetonuria would be present on admission, and this could
account for but a small number of the cases. After admis-
sion this source can be eliminated, for their diet then, in all
cases, consisted almost entirely of carbohydrates for the first
24 hours, being either milk only, or rice pudding, bread and
butter, and milk.

2. Dimanished Power of Absorption or Assimilation of the
Carbohydrates.

Under this heading the two cases of diabetic coma would
come, but not the majority of the remaining cases, for on
numerous occasions dextrose, which requires no inversion
but can be absorbed at once, was administered, and without
exception the acetone had disappeared in about 12 hours,
whereas in similar cases which were not so treated the dura-
tion was about 36 hours longer.

3. Inability to Digest Carbohydrates.
We have thus found that the "carbohydrate starvation 

"

necessary to produce the acetonuria is not caused by
deficiency of carbohydrates in the diet, nor is it due to a
diminished power of absorption or assimilation, therefore it
follows that it must result from an inability to digest the
carbohydrates in the diet.
The carbohydrates of the diet given consist of two forms,

lactose or milk sugar and cane sugar, both disaccharides,
and starch, a polysaccharide. Before absorption can take
place these must be converted into monosaccharides. This
change takes place in the small intestine, lactose and cane
sugar undergoing inversion, and giving as a result dextrose
and galactose, and dextrose and levulose respectively, and

these can be absorbed as such. Starch requires a more
lengthy process, first undergoing digestion which produces
maltose and dextrin, next these are inverted to dextrose, and
absorption can then take place. A more elaborate process is.
thus necessary to prepare starchy foods for absorption than
is required in the case of milk, and anything interfering with
digestion should give more marked results in those fed on
starches than in those getting milk. In other words, in the
case of children under 2 years, whose diet is almost entirely
milk, the percentage of those developing acetonuria should
be lower than in those over 2 years, who are having a starchy
diet, and this is just what one finds.
Under 2 years of age specimens from 99 cases were:

examined. and of those 47 per cent. developed acetonuria,
whilst in specimens examined of children between 2 and 9
years, 68 per cent. gave a positive reaction. The minimum

percentage, 41 per cent., was found in children under 1 year
the maximum, 84 per cent., occurring between 3 and 4 year/}-
The " carbohydrate starvation " thus being due to an

inability to digest the carbohydrates, it was next sought to.
ascertain the cause of this temporary derangement. Naturally
the disease from which the child was suffering was thought
of as a cause, and an analysis was made of its prevalency
under two groups : 1. According to the system affectedr
2. In certain well-defined diseases.

1. According to the system affected.-(a) Diseases of the
digestive system, including stomatitis ; oesophageal constric-
tion, two cases ; pyloric stenosis ; diarrhoea, acute and

chronic ; cirrhosis of liver; intestinal parasites; and,
abdominal tuberculosis, &c. Of 99 such cases 63 per
cent. had acetonuria. (b) Diseases of the respiratory
system, including pneumonia, lobar and lobular ; pulmonary
tuberculosis; pleural effusion, serous and purulent ; foreign
body, &c. Of 168 such cases 62 per cent. had acetonuria.
(c) Diseases of the circulatory system, including congenital.
and acquired heart disease. Of 59 such cases 61 per cent.
had acetonuria. (d) Diseases of the nervous system, in-

cluding meningitis, various forms; mental deficiency 
chorea; poliomyelitis ; myopathy, &c. Of 123 such cases,.
65 per cent. had acetonuria. (e) Diseases of the urinary
system, including nephritis, acute and chronic ; calculus
pyelitis, &c. Of 46 such cases, 63 per cent. had acetonuria.
The remarkable uniformity of the percentage under the

different systems at once negatived the idea that the
acetonuria was in any way due to the disease from which
the child was suffering.

2. In certain nell-defined diseases.-The same fact became-
evident when one analysed certain of the more prevalent
diseases-e.g., pneumonia and broncho-pneumonia, 67 per
cent. ; tuberculosis, all forms, 62 per cent.; and the rheumatic;
group, 60 per cent. In fact, the only exception found was
in the case of typhoid fever, and such cases showed a
remarkable decrease in the percentage that developed)
acetonuria. I have records of 13 cases, occurring over a.
period of three years, and of these 2 only, or 15.3 per cent.,.
gave a positive reaction. This fact is, I think, of consider-
able help in the differential diagnosis of typhoid fever, wlaich-
is often very difficult in children, especially as Widal’s
reaction is frequently not positive until convalescence has
been established. Further, the presence or absence of fever,
which Pawlow 1 has shown diminishes the digestive secre
tions and might thus account for the derangement, seemed to
have no effect, for in cases where fever was present (e. g.,. ,
tuberculosis, pneumonia, &c.), and in those in which there was-
no fever (e g., myopathy, cerebral diplegia, chronic nephritis,
&c.), the percentage remained about the same, whilst in the;
case of typhoid fever it was markedly diminished.
The acetonuria, therefore, was not influenced at all by

disease. What, then, was the cause ? We have seen that it
tended, in the majority of cases, to come on after admission
to hospital ; that it lasted about three days ; that it occurred
more frequently in children over 2 years than in those under
that age-i.e., it was more marked in those who had before-
admission received the more complex diet and in whom the-
change of diet after admission would be greater than ir,
those who were getting a simple diet, chiefly milk, both,
before and after admission ; and, finally, that it was un-
affected by disease. It remained, therefore, to inquire into
the effect of change of diet. Such an investigation gave very-
instructive results and afforded the most satisfactory explana-
tion of its occurrence.

1 Pawlow : The Work of the Digestive Glands, 1902.
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The most complete data were obtained in the case of
children under 1 year of age. Of such cases I had more or
less definite information regarding the diet before admission
in 49 instances. Eleven had been breast-fed until admission
and were then put on milk and water, the milk being in some
cases peptonised, in others "humanised, and in yet others
citrated. Every one of these cases developed acetonuria,
and it disappeared in the usual way. The remaining 38
cases had been bottle-fed before admission, the chief
food used being milk and barley water. Of these, 6 only,
or 15 per cent., developed acetonuria.

Here, then, I believe lies the explanation of this temporary
’acetonuria, for in cases where a change in the diet was made
acetonuria resulted; in those in which no change, or but
’little change, was made acetonuria was comparatively rare.
Further, in children under two years the diet before and
after admission was more closely allied than in children over
that age, and the percentage was lower in consequence.
Another factor which would also keep it lower at this age
I have already drawn attention to-namely, that the carbo-
hydrate was in the form of a disaccharide, and therefore
more easily dealt with. When, however, we look at the case
of children over 2 years we find a markedly higher per-
centage, and here the carbohydrates are chiefly poly-
saccharides, and the change in diet would thus be greater.
It is thus apparent that mere change of diet in childhood is
sufficient to bring about carbohydrate starvation and the
resulting acetonuria, and that this is caused by a temporary
failure of digestion in those cases. Further, as the accom-
panying chart shows, the change is more marked the

younger the child, and there is a steady diminution
in this defect as age advances. That it is greatest in

Chart showing percentage of acetonuria at different ages.
The dotted line is drawn from the percentage in babies who
had been changed from breast feeding to artificial feeding.

the youngest cases is shown by the fact that 100 per cent.
develop acetonuria when the diet is changed from human
milk to cow’s milk. The comparatively low percentage
under 3 years of age is not due to an absence of this defect,
but is explained by the fact that there is less change in the
diet given before and after admission at that age than at any
other.

Lastly, as to the association of acetonuria with gastro-
intestinal disturbance, it has been shown by Macfadyen 2
that if absorption of the carbohydrates does not take place
in the small intestine the sugars are liable to undergo acid
fermentation from the bacteria always present in the
intestine, with the formation of acetic, lactic, and butyric
acids, &c., and that these may cause irritation of the
intestines, with the production of diarrhoea, &c. Thus the
gastro-intestinal disturbances and the acetonuria may be
explained by one and the same cause-viz., the digestive
derangement-and the one is not necessarily a result of the
other.

6’CKChMtOMS.
1. That acetonuria occurs in childhood with great

frequency.
2. That in the large majority of cases the carbohydrate

starvation necessary for its production is caused by a

temporary failure of digestion.
2 Macfadyen : Nencki and Sieber, Archiv f&uuml;r Experimentelle Patho-

logie und Pharmakologie, 28, 311, 1891.

3. That this loss of digestive power can be brought about
by mere change of diet.

4. That it is more easily set up the younger the child, and
that the digestive instability becomes less marked as age
advances.

5. That about three days are required before the digestive
processes can accommodate themselves to a change of diet.

6. That disease, with few exceptions, has no influence on
the production of acetonuria in childhood.
Great Ormond-atreet, W.C.

EXPERIMENTS ON THE CAUSATION OF
BERI-BERI.

(PRELIMINARY COMMUNICATION.)
By E. A. COOPER, B.SC.,

AND

CASIMIR FUNK, PH.D.

(From the Lister Institute of Preventive Medicine.)

THE conclusion that beri-beri was due to a diet in which
rice bulked too largely was arrived at by Wernich,l Van
Leent,2 and Takaki.g Acting upon this conclusion the latter,
by modifying the diet of the sailors, has succeeded in practi-
cally eradicating the disease from the Japanese Navy. The
vast amount of epidemiological evidence collected by
Braddon 4 showed conclusively that beri-beri was associated
with the continuous consumption of a diet composed too
exclusively of decorticated (polished) rice. Braddon’s
observations brought out the further important point that
natives, whatever their race, consuming rice which had been
parboiled previous to removal of the pericarp (such as that
used by the Indian Tamils) were not in danger of contracting
the disease. One difference between these rices consists in
the amount of subpericarpal layer remaining on the grains
after the various manipulations to which they have been
subjected prior to consumption.
An important fact for the investigation of beri-beri was

the discovery of Eykman that a polyneuritis in birds (fowls
and pigeons) analogous to the human beri-beri is induced by
a diet of polished rice, whereas fowls fed on undecorticated
rice remained healthy. Eykman also showed that the latter

variety of rice could cure fowls suffering from polyneuritis
induced by a diet of the former. The next advance was due
to Grijns,6 who showed that the addition of pericarp and
subjacent layers removed during decortication (polishings) to
the diet of decorticated rice prevented the occurrence

of polyneuritis. Neither Eykman nor Grijns adopted the
simpler interpretation of their facts that beri-beri was a
disease due to the deficiency of some essential dietetic
constituent in the decorticated rice, but suggested that the
endosperm contained some poison, the antidote to which
occurred in the cortical layers removed by polishing.
The solution of the problem has been materially advanced

by the work of Fraser and Stanton. 7 These authors having
confirmed the preventive and curative results obtained
with polishings sought to separate from them the active
substance. They extracted the polishings with 0’3 3 per
cent. HC1 and precipitated the extract with alcohol.

By this means the greater portion of the phosphorus
was removed in the form of phytin. By the suitable
addition of this phytin to a diet of polished rice they
failed to prevent in birds the occurrence of polyneuritis.
The alcohol extract, however, possessed protective properties.
The alcoholic extract contained proteins, but these were
found to be devoid of action. The inactivity of the alcohol-
soluble proteins has since been confirmed by Chamberlain
and Vedder," who found that the dialysate of the alcohol-
soluble fraction contained the active substance.
Schaumann has recently published a comprehensive study

of the subject containing the results of many interesting and
important experiments undertaken during the past three
years. Schaumann’s results may be briefly summarised as
follows : 1. Inorganic phosphates had no curative properties.
2. Phytin, which had been credited by Aron 10 with some pre-
ventive properties, gave entirely negative results. 3. Complex
mixtures, such as yeast, rice polishings, Katjang-idjoe beans,
if administered in sufficient quantity to pigeons far advanced
in the disease, produced a cure. 4. Although an impure


